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•  Wang-Sheeley-Arge (WSA) model - combined empirical and physics based model 
of the corona and solar wind.  

•  Improved version of the original Wang & Sheeley model developed at NRL. 
•  Operational at NOAA/NCEP and NASA/CCMC.  
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WSA PFSS+SCS Coronal Solution 
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WSA 4.0 Available Soon!	  

Wang-Sheeley-Arge (WSA)  
(Coronal Model) 

Input: Global maps of photospheric magnetic field  
(e.g., ADAPT) 

Key Features: 
1.  Field line tracing parallelized 
2. Compatible with  

•  NSO (VMS, GONG), WSO & MWO 
•  ADAPT (VSM, GONG, HMI) 
•  Understands multi-realization input files 

3. Can be run in the following modes:  
•  PFSS  
•  Coupled PFSS+Schatten Current Sheet (SCS) 
•  Traditional or Improved interface between  

 PFSS & SCS models.  
     - Improved: minimizes “kinking” at interface. 

4.  IDL & Perl scripts replaced with Python 
5.  Forecasts solar wind speed and IMF polarity at 

•  L1, STEREO A & B, Ulysses, & all inner planets 
•  Easy to add other positions/satellites 

6. Retuning empirical solar wind speed relationship 
7. New field line tracing package 
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Improved Interface B.C. Between  
PFSS & SCS Models 

Rss=2.5 R! Ri=2.3 R! 
Rss=2.6 R! 

Rss	   Rss	   Ri	  

WSA 4.0 allows  user to 
choose between 
standard  interface 
B.C. (left) and 
improved one (right) 

Traditional B.C. Improved B.C. 

McGregor et al., JGR, 2008 

PFSS 

SCS 
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Provides	  more	  realisDc	  esDmates	  of	  the	  instantaneous	  global	  photospheric	  magneDc	  
field	  distribuDon	  than	  those	  provided	  by	  tradiDonal	  synopDc	  maps.	   

Air Force Data Assimilative Photospheric  
Flux Transport (ADAPT) Model 

+90° 

-90° 

0° 

0° 
Sun’s	  surface	  magneDc	  field	  (movie	  length	  ~60	  days)	  

180° 360° 



7	  of	  15	  

ADAPT Solution Ensemble 

Far-side 
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ADAPT generates an ensemble of global photospheric magnetic 
field maps for each given moment in time 



8	  of	  15	  

WSA Coronal & Solar Wind Solutions using the  
12 ADAPT Realizations for June 21, 2007 (Start of CR2058) 
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WSA 4.0 ADAPT-HMI 
Coronal Solutions & Solar Wind Solutions  
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ADAPT-HMI Solar Wind Speed at Earth (km s-1) 

Radial IMF Polarity at Earth 

• ADAPT-HMI maps fully integrated into WSA 4.0 

• Tuning the solar wind empirical relationship 
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Time Evolution of the Photosphere & Coronal  
(With & Without Far-Side Active Region Inserted) 

Realization #1 

Carrington Longitude  Carrington Longitude  
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4 Day Advanced Predictions and STEREO B Observations 
Without Far-Side Active Region Inserted 

ADAPT	  ADAPT	  

WSA Solar Wind Speed vs Observations at STEREO B 
 (With & Without Far-Side Active Region Inserted) 

ICME 

Realization #4 

4 Day Advanced Predictions and STEREO B Observations 
With Far-Side Active Region Inserted  

ADAPT	   ADAPT	  
Stereo  

Stereo  
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ADAPT Driven WSA-LFM+Helio 

Merkin, Lyon, Lario, Arge, & Henney, JGR, 2016 (Accepted) 

ACE 
WSA-LFM-Helio 
(Time-Dependent) 

WSA-LFM-Helio 
(Steady State) 

Time-Dependent LFM-Helio 
predicts the solar wind better 
than steady state solution. 
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“Time-Dependent” ADAPT-WSA-Enlil 

Moving toward time-dependent ADAPT-WSA-Enlil solar wind forecast capability 

ACE 
ADAPT-WSA-Enlil 
Forecast  

ADAPT-WSA-Enlil 
Forecast with CMEs 

For discussion of far-
side active region 
impact on modeling 
see:  
Cash, Biesecker, Pizzo, 
de Koning, Millward, 
Arge, Henney, & 
Odstrcil (2015) 

Courtesy Dusan Odsctrcil  
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Issues Facing Coronal & Solar Modeling 
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Summary 
•  Wang-Sheeley-Arge (WSA) model - combined empirical and physics based model of the corona 

and solar wind.  
•  Improved version of the original Wang and Sheeley model. 
•  Operational at NOAA/NCEP and NASA/CCMC.  

•  Key Features: 
1.  Field line tracing parallelized  
2.  Compatible with most input photospheric field maps including ADAPT. 
3.  Can be run in PFSS or coupled PFSS+Schatten Current Sheet (SCS) modes. 
4.  Optional improved interface between PFSS & SCS models can be employed 

•  minimizes “kinking” at interface. 
5.  IDL & Perl scripts replaced with Python 
6.  Can forecast solar wind speed and IMF polarity at inner planets & most satellites  

•  Easy now to add other satellites. 
7.  In the process of retuning empirical solar wind velocity relationship. 
8.  New field line tracing package. 
9.  Available soon! 

•  Coronal & solar wind modelers face new challenges  
1.  when moving to time-dependent modeling. 
2.  contending with high cadence, high resolution, multi-realization input maps.	  
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ADAPT-Driven WSA  
Coronal & Solar Wind Predictions 
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2015_12_24_04hr	  

ADAPT-GONG Map  

2015_12_24_08hr	  
Magnetogram 
Polarity Flip 

ADAPT-Driven WSA Solar Wind Predictions 
(What can happen when things go wrong!) 
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4 Day Advanced Predictions vs Observations 	  

D
er

iv
ed

 C
or

on
al

 H
ol

es
 

(1
R

s)
 

Ph
ot

os
ph

er
ic

  F
ie

ld
  

(1
R

s)
 

C
or

on
al

  F
ie

ld
  

(2
1.

5R
s)

 

So
la
r	  
W
in
d	  
Sp
ee
d	  
(k
m
/s
)	  

Ra
di
al
	  IM

F	  
Po

la
ri
ty
	  	  

4 Day Advanced Predictions vs Observations 	  
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ADAPT 

ADAPT 

WSA Coronal and Solar Wind Predictions  
Using July 21, 2012 ADAPT Map as Input to WSA  

Area Updated  
With New Obs. 

Note Poor Agreement with Obs. 

Far-Side 

ACE 

ACE 

Date (2012) 

Date (2012) 
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4 Day Advanced Predictions vs Observations 	  

So
la
r	  
W
in
d	  
Sp
ee
d	  
(k
m
/s
)	  

Ra
di
al
	  IM

F	  
Po

la
ri
ty
	  	  

4 Day Advanced Predictions vs Observations 	  

ADAPT 

ADAPT 

Carrington Longitude  

WSA Coronal and Solar Wind Predictions  
Using July 25, 2012 ADAPT Map as Input to WSA  

Area Updated  
With New Obs. 

Just a Few Additional Days of 
Magnetogram Updates Significantly 
Improves Agreement with Obs.  

Far-Side 

ACE 

ACE 

Date (2012) 

Date (2012) 

4 Day Advanced Predictions vs Observations 	  
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Updated 7-25-2013 

Updated 7-26-2013 

STEREOA 

STEREOB 

ADAPT 

ADAPT 

Date (2012) 

Date (2012) 

CME 


